No satisfactory classification for congenital anomalies of the bronchopulmonary airway and related vasculature has yet been described. An attempt was made to overcome this problem by expanding the concept of "sequestration" (originally intended as a single entity) to include a range of bronchovascular anomalies. This has failed to gain universal acceptance and led us to develop an alternative nomenclature and classification based on simple anatomical description. This paper discusses the background to the new approach while a companion paper applies it to our own cases reviewed during five years.
History and background
Defining a congenital anatomical lesion of the lung affecting a single structure (for example, bronchus) is relatively simple (for example, bronchial stenosis, bronchogenic cyst). When this lesion includes abnormalities of other major components of lung tissuenamely, arterial supply, venous drainage, and lung parenchyma-differentiation becomes more complex.
In 1946 Pryce coined the term sequestration to describe a "disconnected ("dislocated," "ectopic") bronchopulmonary mass or cyst with an anomalous systemic artery supply."' Four of his original seven cases differed considerably from his own definition, which led him to describe three variants of sequestration-namely: abnormal artery to normally connected lung; abnormal artery to both sequestered mass and adjacent normal lung; and abnormal artery confined to the sequestered mass.2 Later the terms intralobar and extralobar were added but they provide no definitive information on the morphology within these lesions. Despite this, many authorities have adhered to Pryce's terminology and consequently encountered problems in defining the variants of sequestration.
Many synonyms for the various atypical forms have been proposed, contributing further to the confusion concerning nomenclature.3 7 Realisation that these entities may represent variants of a single primary complex of bronchovascular anomalies46 89 led to the concept of a "sequestration spectrum," a term introduced by Sade in Thus pulmonary malinosculation simply describes a congenitally abnormal connection or opening of one or more components of the bronchopulmonaryvascular complex. The various combinations of these components give rise to a wide spectrum of abnormalities. The lesions thus formed can then be classified simply according to their abnormal anatomical components. The classification is constructed in three steps. The first step describes the abnormality of bronchopulmonary airway or arterial blood supply or both. The possible combinations of these two com-Pulmonary sequestration and related congenital bronchopulmonary vascular malformations ponents form a spectrum of lesions, as illustrated in figures 1-3. At one end of the spectrum is absence or abnormality of bronchopulmonary airway with normal pulmonary artery blood supply ( fig 1) ; this is bronchial pulmonary malinosculation or bronchopulmonary malinosculation. At the other end of the spectrum (fig 2) is an anomalous arterial supply to an area of lung with a normal bronchopulmonary airway; this is arterial pulmonary malinosculation. In between we have all the combinations and gradations of abnormal bronchial and arterial connection. These represent bronchoarterial pulmonary malinosculations ( fig 3) .
The second step in the classification defines the associated anomalies of venous drainage. The classification is then completed by describing any associated abnormalities of lung parenchyma. Each of these steps will now be reviewed in more detail.
TRACHEOBRONCHOPULMONARY MALINOSCULATION
Disruption of normal airway communication can occur at any level from the trachea down to the alveolus. Disruption may be incomplete (for example, stenosis) or complete (for example, atresia). The lesion may be localised or extend distally to affect a variable segment of the bronchopulmonary tree. These lesions are conveniently divided into those affecting proximal major airways (tracheopulmonary malinosculation), such as tracheal stenosis and tracheal cysts, and those affecting the distal airways down to respiratory bronchioles and alveoli (bronchopulmonary malinosculation). This latter group includes lesions such as bronchial stenosis and bronchogenic cysts, and parenchymal lesions with normal pulmonary artery blood supply, such as congenital lung cysts, cystic adenomatoid malformation, and lobar emphysema. Each of these entities may have associated anomalies of venous drainage and lung parenchyma. 12 ARTERIAL PULMONARY MALINOSCULATION Arterial pulmonary malinosculation refers to an aberrant systemic arterial supply to an area of otherwise normal lung.' 17 Most of these lesions, however, also affect the tracheobronchopulmonary airway to some extent, which will mean that they are classified in the following category.
BRONCHOARTERIAL PULMONARY MALINOSCULATION
Here there is an abnormality of both the bronchopulmonary airway and the arterial blood supply to an area of lung. (fig 1-3 foregut inclusions) and associated abnormalities of surrounding lung parenchyma (for example, hypoplasia and abnormal lobation). The site of the lesion may be intrapulmonary (within the boundary formed by the pleural layer surrounding the lung) or extrapulmonary (ectopic lung tissue lying outside the boundary formed by the pleural layer surrounding the rest of the lung).
The classification of pulmonary malinosculation is summarised in table 1. The distinct clinical entities within the classification should all retain their common nomenclature. The purpose of this classification is not to replace their accepted terminology but to aid categorisation of these lesions, particularly the more complex varieties. In turn, it is hoped that this will improve the understanding and management of these complicated malformations. A Fundamental to the subject of all malformations is the embryology of the part concerned. Unfortunately, no generally accepted explanation for the development of these lung anomalies has yet been suggested, despite 40 propositions in Biancalana's paper" and the six most widely publicised theories. [24] [25] [26] [27] [28] We propose a rational sequence of events in lung development, which would account for all lung anomalies that include malinosculation of one or more components of the bronchopulmonaryvascular complex, starting with a few widely accepted observations concerning embryogenesis, namely: I Bronchial branching is completed 16 406 chial buds are supplied by a systemic capillary plexus derived from the primitive aorta. This plexus regresses as the growing lung advances, the developing pulmonary artery taking over.25 29 31 The pathological options that follow an insult to the tip of a developing bronchus can be graphically represented by the spokes of a wheel (fig 5) . The "insult" is undetermined and could take the form of localised trauma, ischaemia, infection, adhesions, or any non-specific injury. It is not only the nature of the insult, however, but also-and probably more importantly-the timing and severity that determine the morphology of the eventual lesion. 30 The first possibility (I in fig 5) is that development of the bronchus and its pulmonary artery supply is totally arrested, leading to agenesis of that lung, lobe, lobule, or segment. The timing will determine how distal the lesion is.
A second possibility (2 in figS) is that the insult may be minor, resulting in a localised abnormality followed by normal development of the distal bronchial tree, lung parenchyma, and pulmonary artery. This will result in a local lesion, such as bronchial stenosis or a bronchogenic cyst.
A third possibility (3 in figS) is that there is no interference with continued development of the bronchial tree, but pulmonary artery growth is arrested. Devoid of pulmonary blood supply, continued growth of the developing bronchial branch could be supported only by vessels retained from its normally regressing systemic capillary network. Growing along with the developing bronchial tree, these systemic vessels would become substantial channels, single or multiple, and establish a systemic arterial supply to the area of lung concerned. The sites of origin of these vessels move distally with the caudal "shift" of the growing primitive aorta from which they arise, ending up in the lower thorax or upper abdomen. Such an anomalous area of "normal" lung with systemic artery supply has been very well shown in a 41 mm embryo by Boyden.25 These aberrant arteries are distinct from bronchial arteries, which are found to occur normally in these patients. 25 In most instances, in an area of lung with an abnormal arterial blood supply the tracheobronchial tree will be affected to some degree, so that there will be overlap with the following category.32 33 In a fourth possibility (4 in fig 5) , the insult is severe enough to disrupt both airway and pulmonary arterial development so that a systemic arterial supply is retained to the subsequent abnormal area of lung parenchyma. This is a combined bronchoarterial pulmonary malinosculation, and in its purest form would comply with most descriptions of "classical" sequestration.
The final possibility (5 in figS) is that, although Clements, Warner there is considerable or complete disruption of the tracheobronchial connection, the pulmonary artery continues to develop and supply the abnormal lung segment. This will result in tracheopulmonary or bronchopulmonary malinosculation with normal pulmonary artery blood supply, and include such entities as congenital lung cysts, so called sequestration with normal pulmonary artery supply, and cystic adenomatoid malformation. Peripheral lesions of terminal and respiratory bronchioles and alveoli (for example, congenital lobar emphysema) suggest a defect occurring late in development. Congenital lobar emphysema with systemic arterial blood supply has been described, supporting its embryological relationship to other forms of malinosculation.
This leaves extrapulmonary lung anomalies. In the early stages the developing lung bud, with its surrounding mesenchyme, lies in close proximity to the primitive foregut, from which it is derived.24 28 Any insult or adhesion in an area where these two developing organs are adjacent is therefore likely to affect both structures; again, the timing and severity of the insult is important to the eventual outcome. Normally, the lung develops along genetically determined lines, the dividing epithelial cells being influenced by humoral factors from the surrounding mesenchyme. 10 to earlier hypotheses that parenchymal changes in malinosculation syndromes were primarily a systemic pressure effect.24
Summary
The pulmonary sequestration spectrum and related congenital lung anomalies present an extremely complex and varied group of bronchopulmonary-vascular malformations. Previous attempts at nomenclature and classification have proved inadequate. In this article we present a classification of the newly named pulmonary malinosculation spectrum, which includes all congenital lung anomalies where there is abnormal connection (that is, malinosculation) of one or more of the four major components of lung tissuenamely, tracheobronchial airway, lung parenchyma, arterial supply, and venous drainage, which in various combinations make up these lesions. We feel that this simple descriptive approach will improve our understanding and management of these complicated lesions and this is supported by the clinical experience we report in the next article.
